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2,601,764 
APPARATUS FOR PROVIDING OXYGEN OR 
OTHER .G.SES TO 1VIEET VARIABLE DE- 
MANDS 
Smuel C. Collins, Watertown, Mass., and Win W. 
Pget, VIichigan City, Ind., assignors to 3oy 
VIanufacturing Company, littsburgh, Pa., a 
corporation ofPennsylvania 
ppliction October 18, 199, Serial No. 122,078 
25 Clims. (CI. 62--1) 
1 
This invention relates te apparatus for pro- 
viiing oxygen or other gaes te meet variable 
demands. If will be described particularly with 
reference te the provision of oxygen, but wfll be 
understood net te be se limited. 
In Patent 17o. 2,588,656 for methods of and 
apparatus ïor treating gases :the application for 
which was filed by Win W. Paget of even date 
herewith, there is disclosed an essentially .self- 
regulating apparatus for freeing compresSed air 10 
frein solîdifiable impurities such as water vapor 
and carbon dioxide, and for making available 
frein the se purified compressed air, by a method 
and apparatus employîng reïrigeration and recti- 
fication, oxygen with a purîty of 99.5% or better, 15 
and for delivering the oxygen, in the particular 
example described, at pressures either on the 
order of 50 p. s. i. or on the urder of 2000 p. s. i. 
50-pound oxygen is suited te the needs oï manu- 
facturing plants, chernical plants, steel plants, .20 
etc., and 2000-pound oxygen is adapted for cylin- 
der charging. 
In many plants in whîch it would be very 
economical te employ an oxygen generator of 
the kind which is disclosed in the application 25 
above identified, the demand for oxygen fiuctu- 
ates considerably, and periods during which the 
shop demand is precisëly equal te the oxygen 
production rate are few and far between and also 
of short duration. Instead, there wfll be periods 30 
when the plant demand will be much less than 
the oxygen producing capacity of the apparatus, 
hereinafter referred te as the generator, and 
periods .when the demand will substantially ex- 
ceed the maximum production rate of the gen- 35 
erator. When the demand is less than the out- 
put of the generator, if is net desirable te shut 
the latter down, but rather te store the excess of 
oxygen., and this may best be done by charging 
a bank of cylinders with the excess oxygen or 40 
storing the oxygen in a special receptacle capable 
of withstanding pressures of 2000 p. s. i. or more. 
When the demand exceeds the output oï the gen- 
erator, if is desirable te be able te augment the 
output of the generator by oxygen drawn frein 5 
a bank of cylinders or other high pressure storage 
device. 
Oxygen demand of plants may well be for 
oxygen af a pressure on the order of 50 p. s. i., 
and, as above indicated, oxygen af 2000 p. s. i. is 0 
desirable for cylinder charging. The oxygen 
generator of the application above identified is 
capable of delivering oxygen af either of the 
pressures mentioned, as bas been noted above. 
Ifs production of oxygen in cubic feet per heur , 

2 
at standard pressure and temperature will be 
consîderably greater oï course when production 
is at 50 lO. s. i. than when it is at .000 p. s. 
If is therefore .preferable te operate the apparatus 
in such a manner as te produce 50-Round oxYgen 
s much of the rime as possible. 
The apparatus disclosed in saîd application 
cludes two control elements which by their ad- 
justments transform the unit from suitability 
for producing 50-Round oxygen te readiness for 
producing 2000-Round oxygen, and vice versa. 
These control elements are a means for varying 
the point of cutoff of the expansion engîne which 
ferres a portion of the generaor, and a means 
for selectively directing the expansion engine 
exhaust either into the column af a point some- 
what below the top of the latter, or in the specific 
single column ïorm shown for purposes of illus- 
tration, through a het exchanger, a check valve, 
a condenser, another heat exchanger, a pressure 
reducing valve, certain jacketing devices (which 
constîtute refinements of the apparatus and may 
be omitted), and then into the top oï the column. 
It will be appreciated, as the dîsclosure of: this 
present application proceeds, that change -te early 
cutoff and delivery of the exhaust ïrom the ex- 
pansion engine directly into the column near 
ifs top should both be effected, while the system 
is operating normally, relatively nearly substan- 
tially simultaneously, and that change te lter 
cutoffa cutoff suited te 50-pound oxygen pro- 
ductionfrom the early cutoff used during .000- 
pound oxygen production, and interruption of thL direct communication between the expansion 
engine exhaust and the point near the top of the 
column, should be interrupted substantially 
simultaneously, while the system is operating 
normally. 
According te a preïerred embodiment of the 
present invention, an apparatus of the charac- 
ter disclosed in said above identified application 
and hereinabove briefiy summarized in seine of 
its characteristics, is arranged with ifs oxygen 
product line (if will be noted that it uses the 
saine product line regardless of the pressure at 
which the oxygen is te be delivered) connected 
with a shop line through a valve having the 
characteristîc that oxygen may be discharged 
freely past this valve te the shop line when the 
downstream (shop line) pressure is lower than 
(p÷iO) p. s. i. (where p is the pressure in p. s. i. 
selected for normal for the shop line). Further, 
in a preferred embodiment, the product deliVery 
line of the oxygen generating apparatus may be 
connected through a check valve opening to,wards 
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the cylinders, to a bank of oxygen cylinders, all 
of the oxygen cylinders being in communication 
normalty with the check valve controlled line 
which leads to the cylinder bank. Desirably, 
there witl be provided a relief valve set ai the de- 
sired maximum pressure to which the cylinders 
are fo be charged, which relief valve may open 
and blow off to waste excess oxygen when the 
pressure in the cylinders buflds up to the full de- 
sired limit. Understnd that the bank of cylin- 
ders may be replaced by a special storage res- 
sel, as above explained. There may further de- 
sirably be provided another automatic valve, set 
to permit flow from the cylinder bank to the 
shop line when the downstream (shop line) pres- 
sure falls below (p--10) p. s. i., where p is the 
value previonsly mentioned. Thus the cylinder 
bank, or other high pressure storage means, may 
constitute a reserve or standby source of oxy- 
gen for periods of temporary high demand. De- 
sirably, but hot necessarily, there may be pro- 
vided a large low pressure storage reservoir in 
communication with the shop line, so that there 
may be available low pressure storage capacity. 
Desirably, means may be provided for automati- 
cally effecting opening of the bypass previously 
mentioned and the making of cutoff earlier, say 
when the shop line pressure exceeds p p. s. i., and 
for automatically closing the bypass and con- 
currently making cutoff later in the expansion 
engine cycle when the shop line pressure becomes 
equal to (p--5) p. s. i., for example, the value of 
p being as above mentioned. Desirably, since 
the change in point of cuçoff and the change in 
position of the bypass valve are, during normal 
production, to be made at least substantially 
simultaneonslF, a pressure responsive pilot valve 
connected with the shop line and responsive to 
the pressure in the latter may be utilized for 
the control both of the cutoff changing mech- 
anism and for the bypass control mechanism. 
The control by the pilot valve maF be of fluid 
coming from the shop line, or, preferablF, of op- 
erating fluid coming from the air compressor or 
the like which supplies air under pressure to the 
oxygen generator. 
Since during the cooling down period it is 
sirable initially to operate with the bypass open 
and the expansion engine operating with late 
cutoff, and since further, when the apparatns is 
being put into operation, there will be, in a 
preferred embodiment at least, no pressure in 
the shop line suflïcient to effect the movement 
of the requisite control devices to provide for 
opening of the bypass, the arrangements so far 
outlined maF desirablF be supplemented bF two 
further control valves, preferablF rime con- 
trolled valves, one for cutting off the pilot valve 
frein communication with the shop line for on 
the order of three hours or so and subjecting if 
during such period to compressed air supply 
pressure. The other desirably interrupts, for a 
period of.on the order of two hours, the com- 
munication with vent of a line leading fo the 
variable cutoff mechanism, and effects a supply 
fo the latter of air from the compressed air sup- 
ply line in a manner fo maintain cutoff relativel 
late. As above pointed out, the apparatus de- 
sirably starts with the bypass Valve open but 
with cutoff tare, so as to speed up the refrigera- 
tion process. On closing of the flrst rime con- 
trolled valve, there would be a shortened period 
of admission to the expansion engine, while the 
bypass valve would be maintained open and liq- 
uid would accumulate in the column. On opera- 
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tion of the valve having the longer rime dela 
period, the system will be put into a condition for 
the control of the pilot valve by the shop line 
pressure. If the system were hot returned fo 
t shop-line-pressure control of the .pilot valve at 
the earliest possible rime when conditions would 
be suitabte for this, all that would happen would 
be that the generator would continue fo operate 
according to its .cylinder charging mode of op- 
10 eration. 
An object of this invention is to provide an im- 
.proved apparatus for providing oxygen (or some 
other gas) to meet variable demands. Another 
object of the invention is to provide an improved 
15 oxygen supply system for shop lines or the like 
including an oxygen generating apparatus and 
storage means, and automatic control means for 
supplying the shop line or the like from one or 
both of said sources depending upon the pres- 
20 sure existing in the shop line. A further object 
of the invention is to provide an improved ap- 
paratus for supptying shop lines, or the like, 
from an oxygen generator adapted to provide 
oxygen at a plurality of rather widely differing 
25 pressures, and having improved controlling 
means for shifting production of the generator 
from one product to the other, automatically de- 
pending upon shop line pressure. A further 
object of the invention is to provide an improved 
30 automatic controlting arrangement for a gener- 
ator for a desired gas, which generator is adapted 
.to deliver the gas at widely differing Pressures, 
so that the generator shall be automatically 
brought in a preferred manner fo normal pro- 
3 duction conditions, and caused to deliver the gas 
at the pressure called for by shop line conditions. 
Another object is to provide an improved gas 
generator adapted fo produce the gas it is in- 
tended to supply at two widely different pres- 
40 sures, and to provide therefor improved means 
for delivering the product gas to a supply line 
or fo storage automatically dependent upon 
suppty line pressure conditions. A further ob- 
ject of the invention is to provide an improved 
45 generating system for a desired gas designed to 
deliver ifs product ai widely differing pressures, 
and having conrolling means for effecting auto- 
matic shift between modes of operation suited 
to the different product pressures, and having 
0 pilot controt means responsive normally to 
Pr0duct pressure, for governing shifting from 
one mode fo the other by pressure operated de- 
vices actuated by the pressure of the gaseous 
mixture supplied to the generator for separation 
55 thereby, but including means, desirably rime con- 
trolled, whereby the pilot control means may, 
during starting, be subjected to the supply-pres- 
sure of the mixture to be separated instead of 
to product pressure. Other objects and advan- 
60 rages of the invention witl hereinafter more futly 
appeal 
In the accompanyin2" drawings in which one 
iltustrative embodiment of an oxygen supply sys- 
rem in which the invention is incorporated is 
65 shown for purposes of illustration, 
Fig. 1 is a diagrammatic view showing the 
sflppty system. 
Fig. 2 is a somewhat diagrammatic view show- 
ing suitable controlting means for a bypass valve 
70 and for a device for shifting the point of cutoff 
of an expansion engine. 
lg. 3 is a vertical sectional view through a 
bypass valve mechanism suited fo the apparatus 
disclosed. 
75 Fig. 4 is a horizontal section through the by- 
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pass valve casing on the plane of the line -- 
of Fig. 3. 
Fig. 5 is a somewhat .diagrammatic, sectional 
view of an admission valve control mechanism 
having improved cutoff changing mechanism. 
Fig. 6 is a flagmentary view showing the posi- 
tion of the parts for longer periods of admission. 
Peferring first to Fig. 1 of the drawings, in 
which an oxygen generator Of the single column 
type is shown--though if will beevident th«t a 
double col.umn apparatus might equally well be 
employed--it will be observed that an oxygen 
generating apparatus is disclosed including an 
expansion origine JS, heat exchangers 2, 22, 23 
and 25, an evaporator-condenser 60, a single 
column 73 containing another evaporator-con- 
denser in  its lower end, and a ]iquid oxygen pump 
9,5. ,_ir is sup.plied ata suitable pressure, on 
the ordr of 160 pounds per square inch, through 
a supp]y connection ! , as from a two-stagecom- 
leressor with aftercooler, of a capacity substan- 
tialy the same as the processing capaci.ty of the 
generating apparatus; and .the compressed air 
is adapted fo be shifted, by an automatic 
versing valve device 2 of a snap action tYPe 
actuated at uniform intervals fom the expansion 
origine, between conduits  and 6, .that one of 
these conduits which is hot connected at any 
gin;en rime te the supply line ! ! being connected 
to a vent line 3. The structure of the reversing 
v2.!ve mechanism may assume various forms, and 
one which is adequate for the purpose ls shown 
,] the application .of Samuel C. Collins, Ser. No. 
6ç1,253, filed April 11, 1.946. Conduits  and 
connect respectively to courses 2B and 2C of 
the heat exchanger 2, and these courses are 
connected by conduits 3! and 2 with courses 
22B and 22C of heat exchanger .22. Beyond the 
heat exchanger 22 there is arranged a series 
of check valves which cooperate with the to- 
matic reversing valve 12 in effecting the reversais 
of fiow of incoming air and outgoing effluent, 
with respect fo the B and C courses of the heat 
e:changers 22 and 2f and the conduits  and 
f. This.l:everse valve mechanism, ruade up of 
four check valves, is generally designated 4} and 
includes four automatic check valves ., g2, 
. This arrangement is disclosed inthe Samuet 
C. Collins application, Ser. No. 661,253. The 
]ower end of course 22B has connected with if a 
conduit  which leads to the check valve 4! and 
a branch  leads from conduit 4to check valve 
2. A conduit 7 leads from course 22C to check 
valve 5 and a branch  connects conduit 7 at 
s. point between course 22C and the check valve 
g, with the check valve -. A conduit 59 con- 
nects the other side of check valve 3 with a 
conduit  leading from the check valve 5f to a 
suitable restrictor device ! which creates a 
slight difference between the pressure in the con- 
duit 5 and the pressure beyond the device . 
the ]atter pressure being on the order of 2 pounds 
less than the pressure in conduit 9. A conduit 
2 connects the conduit ,9 with the bottom of .. 
conrse 2D which is incorporated in the hea£ 
exchanger 22 but which is without counterpart 
in exchanger 2. A conduit 3 leads from tbe 
side of check valve 5 opposite the condit 
to the outermost course of the heat exc.anger 
2. Nitrogen always fiows otward]y tbrouh tbe 
conduit 3. A conduit  connects the side of 
check valve  opposite the conduit  to the 
conduit 3. Each of the check valves , 2, 3, 
end , opens in the direction, indicated by the 
point of ,the "V" and prevents opposite flow. 

6 
The heat exchangers 2 ! and 22 each have courses 
for tho oxFgen product, these courses numbered 
respectively -A and 22A; and these courses are 
connected by a conduit 33; and course 2A is 
5 connected with an oxygen product line 2. The 
restrictor 5! is connected af $ to a chamber 
within the top of the evaporator-condenser 
Within the casing of the evaporator-condenser 
6 there is an oxygen conducting course 2 con- 
10 nectel by a conduit .6 with the lower end of 
course 22A of exchanger 22. There is also an 
air .conducting course 3 in close heat exchange 
re!ation with the oxygen course @2 of the evapo- 
rator-condenser.60. The course @3 is connected 
1 at 64 with the chamber 
The tòp of cóurse 22D of exchanger 22 is con- 
nected bY a conduit @@ with a conduit 7 leading 
from the chamber 57, and the reunited stream 
of air passes to a conduit 7 which leads to the 
0 expansion origine fS latin" more fully described. 
The recirculation of a portion of the aïr which 
has passed through both of the heat exchangers 
2 and 22, through the course 22D of the ex- 
changer 22, results in the complote separation of 
 water vepor and carbon dioxide out of the enter- 
ing air stream. The duration of fiow between 
switchings of the incoming air and the outgoing 
nitrogen between the courses which they alterna- 
tively occupy is on the order of three minutes. 
0 When the air entering the system is passing 
through course 22B, it fiows past the check valve 
f. When course 22B is serng'for outfiow of 
nitrogen, the nitrogen fiows fïom conduit , 
through conduit § and past check valve 2 and 
 through conduits 6 and 55 fo course 22B. 
When course 22C is serving for inflow of air, the 
entering air flows past the check valve 
When course 22C is beCg used fo conduct leaving 
nitrogen, the nitrogen flows past check valve 
40 and through conduit 47. As the entering air 
is ata much higher pressure than the leaving 
nitrogen, no check valve subjected on its dis- 
charge side to air can be opened by the lower 
nitrogen pressure. 
4 The heat exchangers 23 and 2 bave been pre- 
viously mentioned. Exchanger 23 bas four 
courses: a central one, 23A, a next course 23B, a 
third course 23C, and an outer course 25D sur- 
rounding, as shown in the drawings, course 
$00bviouslY the arrangements of the courses, and 
the structure of this exchanger, as well as that 
of others earlier mentioned, are subject fo wide 
structural variations. Exchanger 24 bas a cen- 
tral course 2A, an outer course 2C and an in- 
 termediate course 24B. If too is subject to wide 
structural variation. It will be understood that 
.the -several courses will be in good heat ex- 
change relation with respect fo each other. 
It bas been noted that the conduit 3 is con- 
0 nected with the outermost course 23D of ex- 
changer 23. This connection is with the top of 
such course. The bottom of course 23D is con- 
nected by a conduit @8 with the bottom of course 
24C of exchanger 25, and the top of course 24C 
6 is connected by a conduit 7! with the nitrogen 
ourlet (the eflïux connection) 7 of the single 
column 7. The compressed air course $ of 
evaporator-condenser 60 is connected by a con- 
duit 74 with the top of course 23B of exchanger 
70 23. The bottom of said course is connected by 
a conduit 7 with a suitable pressure reducing 
valve device 76, which is adapted, in the partiCu- 
lar apparatus shown, and when the latter is used 
for oxygen production, to effect a pressure drop 
75 between ifs opposite sides on the oder of ,88 
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p. s.i. This is substantially the same reduction 
in pressure as occurs in the expansion engine 
later described, when the latter is operating with 
ifs longer period of admission, as hereinafter 
fully explained. The low pressure side of valve 5 
device 76 is connected with a conduit 77 which 
leads fo a condenser cofl or element 76 in the 
lower end of the column 73. The central course 
(as shown), 23A, of exchanger 23 is connected 
af its top with a conduit 76 leading fo the oxygen 
course 62 of the evaporator-condenser 60, while 
ifs bottom is connected wïth the bottom of cen- 
tral course 24A of exchanger 24 by a conduit 
A conduit 61 leads from the top of the central 
course 24A. This is connected with the dis- 15 
charge of the liquid oxygen pump 95, previously 
mentioned and later described. The condenser 
unit 76 is connected at ifs other end (from the 
conduit 77), by a conduit 82, with the intermedi- 
are course 24B of exchanger 24. The top of 20 
course 24B is connected with a conduit 83, of 
which more will shortly be said. 
Three of the four courses of exchanger 23 bave 
been noted. The fourth course, 23C, is con- 
nected af ifs top with an expanded air conduit. 25 
65, and its lower end is connected by a conduit 
86, containing a check valve 87 openable towards 
the conduit 77, and connected with the latter by 
a connection 66. The check valve opens towards 
the conduit 77, but only when the pressure in the 
conduit 86 is sufficient to effect opening of check 
valve 87 ugainst the pressure in conduit 77. 
The expansion engine 6, which may be of the 
construction shown in the copending Samuel C. 
Collins application, Ser. 1o. 665,206, filed April :35 
26, 1946., provided with suitable means for pre- 
determinedly lengthening and shortening the 
period of admission, or which may be of the 
character of the expansion engine illustrated 
anal dcribed in the a,pplication of Win V. 40 
Paget, Ser. No.. 31,017, filed June 4, 1948, in- 
cludes a cylinder 90 having admission and ex- 
haust valves, the former shown in Fig. 5 and the 
latter hot shown; and to the admission valve 
described below in connection with Fig. 5 air 45 
under pressure is admitted from the conduit 7{} 
through a conduit 91 with which an "In" surge 
tank 92 is connected so as fo minimize fiuctua- 
tions in fiow. A discharge or exhanst connec- 
tion 63 leads from the expansion engine fo a 5O 
"Discharge" surge tank 4, which may bave 
associated with if a strainer to catch any ShOW 
that might otherwise attain fo the column while 
the heat exchangers 21 and 22 were hot fully 
cooled down, during the starting of the appara- 55 
tus. The expansion engine supports on the top 
of its cylinder the jacketed liquid oxygen pump 
65 of any suitable construction, the liquid oxygen 
pump being for example constructed as shown, 
and being actuated by the expansion engine pis- 
ton as shown, in the last above mentioned appli- 
cation of Win W. Paget, Ser. No. 31,01; and it 
may be noted that the conduit 81 is connected 
with the discharge of the liquid oxygen pump 
65, while this pump bas a suction connection 
65 
leading fo it ïrom a strainer 67, which is cooled 
or Jacketed by liquid air, the jacket herein being 
represented by a coil 98. To the strainer 97 a 
conduit 166 leads from the evaporator-condenser 
chamber af the bottom of the column 73, the 70 
conduit 160 communicating with the condenser- 
unit-enclosing chamber Il in the bottom of the 
column af a point at the desired liquid oxygen 
level in the latter. 
The "Discharge" surge chamber 94 bas con- 75 

nected with if a conduit § which is connected 
to a valve structure 6, which valve structure 
includes a passage or chamber 7 continuously 
in communication with the conduit .65, and an- 
other chamber |8 connectable with chamber 
67 and connected through a conduit |9 direct- 
ly with the interior of the column at a point 
spaced an appropriate distance from the top of 
the latter. The valve structure |66° which may 
be called a bypass valve, is adapted fo have the 
two chambers mentioned connected in commu- 
nication with each other, and thus to connect 
the "Discharge" surge chamber 4 in free com- 
munication with the upper part of the column 
through the conduit |65, valve structure |6, and 
conduit 9. The structure of this bypass valve 
and ifs operating means will ,be later more Iully 
described. 
The expansion engine |6 is provided, in the 
present particular apparatns, with valve gear 
adapted to permit the engine to operate with 
admission for a relatively short portion of its 
working stroke, or with admission for a consider- 
ably longer portion of ifs working stroke. As 
will later be explained more in detail, when cut- 
off is relatively late in the working stroke, the 
valve structure 96 will normally prevent coin- 
muni.cation between the "Discharge" surge cham- 
ber 94 and the column through the conduit 66; 
and when communication between the "Dis- 
charge" surge chamber 64 and the column is 
effected by the appropriate adjustment of the 
valve structure , the expansion engine ill be 
operated with admission Ior the relatively short 
portion of ifs working stroke. 
With an apparatus havlng, during low pres- 
sure oxygen production, the temperatures and 
pressures hereinafter mentioned, the relatively 
later cutoff of the expansion engine wouid theo- 
retically take place af about 70 % of the working 
stroke; and during high pressure oxygen pro- 
duction the relatively early eutoff would be af 
theoretically on the order of 25% of the working 
stroke, but these percentages are only illustrative. 
For example, there are two factors whlch in prac- 
tice would tend to call for later cutoff in both 
modes of operation, namely, that it is desirable in 
practice to handie at least a little larger than 
the theoretical mass of air to insure adequate 
refrigeration, and moreover, with actual appa- 
ratus, the expected temperatures and pressures 
are not always attained. 
Various means ean be provided for effecting 
the desired changes in period of admission, as, 
for example, with a cam opened admission valve 
as shown in the Samuel C. Collins application 
Serial No. 665,206, the provision of selectively 
operable cams with different dwells, or cams one 
relatively adjnstable with respect to the other. 
See for an example Fergnson 2,221,79.0, patented 
November 19, 1940. One very desirable means 
is shown in Fig. 5 of this present application, and 
wfll shortly be described. This particular struc- 
ture is the fllustrative embodiment of an inven- 
tion disclosed and claimed in the application of 
Win W. Paget Serial No. 31,017. 
Only such air .will flow through the evaporator- 
condenser 66 as cannot pass through the expan- 
sion engine. By proper design, during 50-pound 
oxygen production, complete condensation of the 
fraction of air passing through the air course 63 
of the evaporater-condenser 6} may be effected. 
If more air passes through this course than can 
be condensed by the available cold provided by 
evaporation of liquid oxygen flowing, at a pressure 
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on the order of 50 p. s. i., in the course 62 of the 
evaporator-condenser 69, the excess lmliquelïed 
air will be condensed in evaporator-condenser 75. 
The conduit $3, previously mentioned, leads to 
a pressure reducing valve J! 9 which is adapted 
to efect a reduction on the order of 69 p. s. i. 
in the pressure Of the fluid (liquid air) which 
flows through it; and the low pressure side of 
the pressure reducing valve J! 9 is connected by 
a conduit ! ! ! with the jacket 98 for the strainer 
97; and the top of this jacket is connected by 
conduit J2 with a jacket 3 of the liquld oxy- 
gen pump 95, there being a conduit J4 leading 
from the Jacket ! ! 3 to a connection ! ! 5 through 
which liquid may be admitted to the top of the 
column 73. 
The column 73 may be of any suitable con- 
struction, and is illustrated as of the conventional 
packed type. It may obviously assume various 
forms, and Samuel C. Collins now has pending 
two applications, Serial Nos. 26,395 and 28,870, 
showing columns which are well adapted for the 
purpose for which the prescrit column is em- 
pl0Yed. 
In Fig. 3 there is shown in more detafl the by- 
pass valve mechardsm J96 and pressure fluid op- 
erated means for controlllng the position thereof. 
It will be observed that the casing ! 9 includes 
a loWer portion ! 9 and an upper portion J29 and 
a cover 2. In the lower portion, the passage 
7 is formed; and a wall .22 separates the 
chambers 97 and J99. As more fully described 
in the patent of Win W. Paget, No. 2,588,656, a 
bypass valve 23 is normally held closed by a 
spring 24, being then in engagement .with a seat 
25 .formed on a plug member 26 secured in the' 
wall 22. A disc valve element J28, in the open 
position of the valve 2, has a flange portion 
approximately midway between the top and bot- 
tom of a groove 39, so that fluid may flow freely 
around the sides of the' valve 29. A flnger por- 
tion 3! is adapted to engage, unseat, and hold 
open the valve 23. Above the groove 39 there 
is a crcular opening 32, which may be from 
twenty fo thrty thousandths of an inch greater 
in diameter than the diametor of the disc of the 
valve 28, and when the valve J23 is clósed, the 
disc .or flange portion lies within the opening 
 plunger 34 is adapted to be actuated by a 
piston |35 of a cylinder andpiston mechanism 
|3, to which fluid is supp]ied through a conduit 
J3 later described. The plunger 34 is enclosed 
in a sleeve 39 for the purpose of minimizing 
leakage. On the supply of fluid to the conduit 
37, he piston 3§ commences to more the valve 
element 25, and belote the latter has its portion 
J29 leave the opening 32, the valve 3 om- 
mences to be unseated] As ill later aPpear, the 
pressure in the column 73 with which the cham- 
ber ! 95 communicates by way of the passage ! 99, 
is considerabl less than the pressure in the "Dis- 
charge" surge chamber 94, during 50-P0und oxy- 
gen pzoducion, and so air starting to flow frm 
the chamber ! 9 towards the chamber ! 98 wfll aet 
on the relatively large valve member 28 and' 
de!ay the .donward m0vement suïïicientiy, be- 
cS,se of tle small.' clearance around the periph- 
ery ofthe .flange portion J@, when the latter 
lies within the opening 32 and thus, while per- 
ntting a duly prompt connecion of thë conduits 
9§ and 95, will preient a blast of expaned air 
entering the column wih uch force as' t0 
age the latter. In a ver-y brief rime the vve 
25 will assume the position Shown in Fig. 3 and 
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wil offer substantially no obstruction to flow be 
tween the conduits ! 9.5 and ! 99. 
Fig. 5 is intended to show, very simply, one 
form oï structure for providing for variable ad- 
5 mission to thi expansion ingine 9. This is the 
construction of the Paget applicatien on Expan- 
sion Engines above mentioned. The admission 
valve 39 is adapted to be pulled open by a bell 
crank lever  acting on a spring biased vale 
0 stem J4. The bell crank carries a cam follower 
roller @2 cooperating with a cam 43 on the 
crank shaft 44 of the expansion engine. An- 
other bell crank J45 is pivoted at 4'6 on thè flrst 
bell crank. It carries a second cam follower 
 roller 7, and this is adapted to be moved, against 
the action of a spring 49, which normally holds 
it out of reach of the cam 43, into engagement 
with the cam J43 just as the latter is m0vtng out 
of cooperative; valve-opening relation to the 
2 roller 42. A cylinder and piston mechanism 
is oporative On fluid supply thereto to moe the 
second be!l crank relative to the flrst to bring 
the second roller 47 into cooperative relation 
with the cam 43, and thus provide a longer pe- 
2.. riod of admission (later cutoff). When fluid 
under pressure is supplied to the cylinder and 
piston mechanism 49, cutoff relatively tare in 
the working stroke of the expansion engine is 
providid. Vhen this cylinder and piston mecha- 
so: nism is vented, cutoff occurs much earlier in the 
working stroke. 
The column 73 will normally be operated with 
a pressure on the order of 7 p. s. i., and so, in 
order to evaporate liquid oxygen with the latent 
35 heat of condensation of air under pressure in 
the condenser 7, the pressure oï the air ïn said 
condenser should be on the order of 70 p. s. i., and 
accordingly the valve ! 9 is adapted to maintain 
a differential in pressure of about 63 p. s,. i. be- 
40 tween its upstream and downstream sides, the 
downstream side being substantially at column 
pressure, and the upstream side substantially at 
a pressure of 70 p. s.i. The expansion engine, 
when werking with the later cutoff, has a pres- 
45 sure dr0p between its admission and exhaust 
lines equl to the difference between 158 p. s. i., 
the pressure in line 79, and the pressure in the 
line 7. Thus the expansion engine provides a 
pressure drop on the order of 88 p. s.i. This 
50  p. s. i. drop. Plus the 63 p. s. i. pressure drop prë- 
viously mentioned, plus the differential in pres 
sure of about 2 P. s. i. provided by the resistor 
and plus the co!umn pressure, gives a cumulative 
pressure of 10 p. s. i, and that is the pressure af 
55 which the twostage compressor, hot shown, 
which delivers air to the conduit ! , is adapted to 
deliver air c0ntinuously. It is to be noted that 
the conduit 75 and pressure reducing valve 
are substant.ially in parallel with the expansion 
@0 engine and the check valve 97, and accordingly 
the pressure reducing valve 76 is, as previousl 
stated, set to give a pressure reduction on the 
order of 88 p. s. i, so that the air starting at 158. 
p. s. i. in the chamber §7 and passing through 
@5 the air course 53, conduit 74, heat exchanger 
course 23B, conduit 7§ and past pressure rëduc- 
ing valve 7 may attain to the pipe 77 at sub, 
stantially the pressure at which the air is de 
livered through the conduit 96 from the expan- 
70 sion engine 9. Thus, it may be observed that 
the sure of the column Pressure plus the reduc, 
tion in Pressure through the pressure reducing 
valve ! ! 9, PlUs the pressure reduction across thë 
Pressure reducing valve 
7 .droP through the resistor 
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he delivery pressure of the compressor supply- 
ing compressed air to the conduit . The two 
conduits in parallel provide a back pressure, as 
it were, against which the line   delivers pres- 
sure, and thus there is provided a control of the 5 
compressor discharge pressure without the use of 
blowoff valves or unloaders, all that is necessary 
being to predetermine the processing capacity of 
the oxygen generator and the supply capacity of 
the compressor so that these will be relatively 10 
similar. 
ihe mode of operation of the described appa- 
ratus during the production of oxygen is differ- 
ent, depending upon whether 50-pound oxygen or 
oxygen suitable for cylnder charging (say at 15 
2000 p. s. i.) is being produced. Oxygen at either 
pressure may be delivered. The mode of opera- 
tion ïor the production of oxygen af 50 p. s. i. 
will be described flrst, and then the differences 
when oxygen at 2000 p. s. i. is to be the product 20 
will be explained. Following this, a procedure fo 
set the plant in operation will be described. 
Air is supp]ied continuously, as above noted, 
through the conduit  g at 300 ° K. and 160 p. s. i., 
from any suitable compressor (hot shown). 25 
Ordinarily a two-stage compressor with an after- 
cooler may be used as the source of air supp]y. 
Theentering air contains water vapor and car- 
bon dioxide. These are caused to be separated 
out of the air stream by cold supplied by the leav- 30 
ing streams of oxygen product and nitrogen. The 
carbon dioxide, is largely deposited in the heat 
exchanger 22 upon the wal]s oï the courses 22B 
and 22C, and the water vapor, as liquid water 
and as ice, in the courses 2B and 2C of ex- 35 
change2 2; and it may be of interest at the 
present moment to point out that the ]iquid ox- 
ygen drawn from the chamber  0  in the column 
73 thr)ugh conduit 90, the strainer 07, and con- 
duit 9{}, is pumped by the liquid oxygen pump 9{} 40 
through the conduit 8, through the course 24A 
oï heat exchanger 24, through the conduit 8}, the 
course 23A Of heat exchanger 23, conduit 79, the 
oxygen coure62 of the evaporator-condenser 
the conduit , course 22A of heat exchanger 22, 45 
conduit 33, and the course 2lA of the heat ex- 
changer 2 , and flnally is delivered at the desired 
termina] pressure through the product deliverY 
pipe 25. As bas been previously pointed out, the 
nitroge leaving the co]umn by way of the con- 50 
nection 72 passes through the conduit 7 , through 
course 24C of heat exchanger 24, through con- 
duit6{}, through course 23D of heat exchanger 
through conduit 53, through one or the other of 
the courses 22B or 22C of heat exchanger 22, 55 
through one Or the other of the conduits 3  or 32, 
through one or the other of the courses 2B or 
2C of heat exchanger ., through one or the 
other of the conduits 5 or 6, and through the 
escape 3, having passed through appropriate 60 
passage means in the valve mechanism 2. Thus 
if will be evident thatthe streams of oxygen and 
nitrogen passing through the heat exchangers 22 
and 2 will cause the carbon dioxide and water 
vapor to be deposited on the walls oï the pas« 
sages in these exchangers through which the en- 
tering air may at any givn moment be flowing, 
and that the water, ice and carbon dioxide show 
will be carried out of the passages in which they 
have been deposited by the leaving nitrogen 7 
stream. The entering air will, of course, be much 
reduced in temperature in the exchangers 21 and 
22. A portion Of the air which is passed through. 
the heat exchangers 2 and 22 is caused to pass 
again through the heat exchanger 22, through 

the course 22D thereof, as previbflsiy expiafiled, 
flowing through the conduit 52, course 22D, and 
conduit 6 and rejoining the main mass of 
which passes, during the production of low pres- 
sure oxygen, through the chamber 57 and con- 
duit {}7; and the reunited streams pass through 
the conduit 7{} and the conduit 9 into the ex- 
pansion engine to be expanded therein and to be 
cooled by the performance of work during the 
adiabatic expansion of the fluid in the expansion 
engine. The flow through conduit 52, course 22D 
of heat exchanger 22, and conduit 66 is caused by 
the valve 6, which provides approximately a 2- 
pound difference in pressure at ifs opposite sides. 
At this point it may be noted that, regardless 
of the pressure of the delivered product, some 
of the air supplied to the apparatus for treat- 
ment therein always passes through the expan- 
sion engine , and some of the air always passes 
through evaporator-condenser 60, the quantity of 
air passing through evaporator-condenser 60 be- 
ing determined by the cutoff of the expansion en- 
gine. When the expansion engine operates with 
early cutoff, more air necessarfly passes through 
evaporator-condenser ,$0. During the produc- 
tion of oxygen at 50 p. s. i., about 12% of the 
total mass of entering air passes through the air 
course 63 of evaporator-condenser 6{} in heat ex- 
change relation with the leaving oxygen product. 
When oxygen at 2000 p. s. i. is the desired prod- 
uct, as much as 60% of all the air may pass 
through the air course 63 of evaporator-con- 
denser 60. The air flowing .through the conduit 
67 is at a temperature of 115 ° K. and a pressure 
of 158 p. s. i. gauge. The recirculated air which 
flows through the conduit 66 is at a pressure of 
158 p. s. i. and a temperature of 180 ° K. just 
fore it joins the fluid stream in conduit 67. When 
the streams have been mingled in the conduit 
70, all the ah" is at a temperature of 135 ° K. and 
a pressure of 158 p. s.i. The portion of the air 
which flows through the conduit 70 and does work 
in the expansion engine leaves the latter at a 
temperature of 110 ° E. and a pressure of 70 p. s. i. 
when 50-pound oxygen is to be produced. This 
eEpanded air passes through the conduit 85, 
through course 23C of heat exchanger .23, and 
emergesat a temperature of 105 ° K. and a pres- 
sure of 70 p. s. i. gauge, and passes the check 
valve 87 to mix with liquid air which bas passed 
the pressure reducing valve 75, and there is 
formed a stream partially of liquid ah- and par- 
tially of expanded air at a temperature of 100 ° 
K. and a pressure of 0 p. s.i. It may be ob- 
served that tle.air from the air course 63 of the 
evaporator-condenser 60 emerges from heat ex- 
changer 23 and enters the conduit 75 at a tem- 
perature of 112 ° K. and a pressure of158 p.s.i. 
After passing through the expansion valve 
and undergoing a drop in pressúre of about 88 
p. s. i., the liquid air is at the saine pressure as 
the expanded air coming through conduit 86. 
The mixture of liquid air and expandeCl air at 
a temperature of 100 ° K. and a pressure 
p. s. i. enters the condenser cofl 78 and is con- 
densed by reason of the giving up oï heat in the 
process of vaporizing oxygen in the bottom of 
the column. The liquid air emerging from the 
condenser 78 is at a temperature of 96 ° K. ànd a 
pressure of 0 p. s. i., and aïter this liquid s2r hs 
passed the pressure reducing valve  | 0 and bas its 
pressure-reduced by approximately 60 p.-s. i. 
(about 63 p. s. i.), the liquid air wfll be af a tem- 
perature oï 83 ° K. and a pressure oï on the order 
of ï p. s.i. Following the jacketing of the oxy- 
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gen strainer 87 and the liquid oxygen pump 85, 
the still liquid air will enter the top of the col- 
umn ata temperature of 83 ° K. and a pressure 
of on the ortier of 7 p. s. i., and it will be rectifled 
therein se that substntially pure oxygen (99.5% 
pure, at least) can be drawn from. an appropriate 
point in the evaporator-condenser arranged in the 
bottera of the column, at a temperature of 95 ° K. 
and a pressure of 7 p. s. i. This liquid oxygen 
will flow. through the strainer. 87, conduit 58, the 
liquid oxygen pump 85, the conduit 81, and the 
central courses, in series, of heat exchanger 24, 
heat exchanger 23, evaporator-condenser 88, be- 
ing evaporated therein and liquefying air therein, 
heat exchanger 22, and heat exchsuger 21, and 
emerge, when 50-pound oxygen is being produced, 
in the ferre of gaseous oxygen af the product 
pipe 25. 
When oxygen for cylinder charging is te be 
produced, the valve structure 185 will be operated 
te connect the conduits 155 and  88 and the ex- 
panded air leaving the expansion engine will thon 
pass through the conduit 185, the valve structure 
1.85, and the conduit 185 into the column, and 
the pressure of the air in the conduit 85 will be 
reduced substntially te that within the column, 
and accordingly no more expanded air will be 
discharged through the check valve 87, because 
this valve, will be held closed by the pressure, on 
the order of 70 p. s. i., which subsists in the con- 
duit 7.7. At the rime the valve structure 188 is 
operated te permit the exhaust frein the expan- 
sion origine te pass substantially dirctly, into the 
column through the conduit 88, the point of 
cutoff of the expansion origine 8 is chnged, te 
shorten very substantilly the period of dmis- 
sion; nd, the speed of the expansion origine re- 
mining unaltered, much less--roughly hall as 
much--air can go through the expansion en- 
gine. As a resuit of this, the air which canner 
flow through the conduit 87 and be passed through 
the expansion engine will of necessity go through 
the. air course 53 of evaporator-condenser 88, 
and, having passed' through course 23B of heat 
exchanger 23, this new much larger mass of air, 
perhaps 60% of the total mass, will pass through 
the pressure reducing valve 78 and enter the 
condenser coil 78 of the evaporator-condense at 
the, bottom of the column 73- and be liqueîïed 
therein. This larder volume could net be liqueîïed 
in the evaporator-condenser 88 and the heat ex- 
changer 23 because the oxygen, new at a much 
higher pressure, canner be vaporized af the tem- 
perature, of condensing air. The reduced volume 
of' liquid air frein condenser coil 78 wfll pass 
through the.heat exchanger 24 by way of course 
24B and next pass through conduit 83 and the 
pressure reducing valve. 118 and thon, after 
jcketing the strainer 87 and the liquid oxygen 
pump 88 will be,passed into thetop of the column 
for rectification. A much smaller percentage of 
the total oxygen content of the air entering the 
pparatus will be delivered during the production 
of 2000-pound oxygen than durLug the production 
of. 50-pound oxygen. 
In strting up theapparatus, the valve 23 will 
be open, and for a consîderable period on the 
order of two hours, the expansion engine will be 
operated with butoff relatively late in the work- 
ing stroke. This wfll mean that most of the 
air, will pass through the. expansion origine, a de- 
sirable thLug at this. rime because there would be 
no oxygen te effect condensation of air in evapo- 
rato-condenser. 88. The entering air, through 
whichever courses of heat exchangers 21 and 22 
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it may pass;.will, considerably more than 12.% 
of it (the expansion engine when warm cannot 
pass se much air through it), flow through the 
evaporator-condenser 8, heat exchanger 23, pres- 
5 sure. reducing valve 78, condensing unit 78, ex- 
changer 24, conduit 83, and pas the reducing 
valve I1 through the jacket for the oxygen 
strainer 87, the jacket 113 for the liquid oxygen 
pump 85, and then through the conduit 114 and 
10 connection ,: into the op of the column 73. 
During a considerable portion of the starting 
operation--the cooling down period--this air will 
simply flow out through the conduit 71, ete and 
be discharged. The relatively large amount of 
1 air which passes through the expansion engine 
8 will pass into the column through the conduit 
88, and it too will discharge through the conduit 
71 te the atmosphere. As the unit cools clown, a 
little liquid wi]] commence te ferre, and as soon 
20 as this stage, is reached, the expansion engine 
will be shifted te early cutoff, thus increasing the 
refrigeration, and: for another period, perhaps an 
heur, the exhaust from the expansion engine wfll 
sti]l continue te be dischaÆged through the con- 
25 nection 188 into the coin_mn. When the liquid 
îïnally builds up high enough se that oxygen can 
be drawn through, the conduit 88, the apparatus 
will be all ready te operate on 2000-pound oxygen 
production, or, by c]osing the valve  2. and mak- 
0 ing much later the point of. cutoff of the expan- 
sion engine, 50-pound oxygen can be produced. 
It will be noted that during the later stages-of the 
cooling down operations, the bypass valve 
still be open and. the expansion engine will be 
working with an ear]y cutoff, and that when the 
liquid level' in the column reaches the overflow 
point, the machine will be ready te îï]l cylinders, 
but if 50-pound oxygen be desired, the bylss 
valve can be. closed and the cams arranged in: the 
40 expansion engine for late cutoff. 
It has been noted that the apparatus se far 
described--the oxygen generator--is adapte|  te 
supply 50-pound oxygen or 2000-pound oxygen 
through the conduit 25. This conduit is connect- 
45 ed af 150 with a conduit 151 which leads te a 
pressure reducing valve 152, frein whose down- 
stream side a conduit S3 leads te a shop line 
54. With this shop line there is connected by 
a conduit 155 a large reservoir 158 in which gase- 
50 eus oxygen at shop line pressure may be stored 
and which may act as a receiver. A charac- 
teristic of the pressure reducing valve 52 ïs that 
it is adapted te permit the fiow of fluid from 
the oxygen delivery line 25 te the conduit 
5 and se te the shop line, whenever the pressure 
in the shop line does net exceed by more than a 
predetermined amount, for example 10 p. s. i., 
the desired pressure in that line. Let it be. as- 
sumed for further consideration of the invention, 
60 that 50 p. s. i. is the desired pressure te be main- 
tained in the shop line. Then the valve 152 will 
permit flow from the conduit S te the conduit 
153 se long ás the pressure in the conduit 153 
does net exceed 60 p. s. i., but if at any rime the 
65 pressure in the shop line tends te exceed 60 p. s. i., 
then, regardless of the pressure in the conduit 
16'1 and. in the oxygen delivery line 28, there .will 
hot be any îïow from the conduit 151 to the con- 
duit 153, and all of the fluid in the product line 
70 28 will necessarfly bave to pass elsewhere than 
to the shop line by way of conduit 
Provision is made, when the pressure in the 
product line 25 is high enough, for the delivery of 
oxygen.t a suitable high pressure storage system 
6 rePresnted in Fig. 1 by a series of six oxygen 
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cylinders, 180, 181, 182, 183, 184 and 185, each 
connected with a common conduit 166 which is 
provided af one end with a relief valve 167 set af 
a pressure on the order of 2000 p. s. i., and af its 
other end communicates with a pressure reduc- 
ing valve 70 whose characteristic is that when 
the shop line pressure gets 10 p. s. i. below the 
normally desired level (40 p. s. i. in a case where 
the desired value is 50 p. s. i.), fluid will be de- 
livered from the cylinders through a conduit 
fo the conduit 53 and so fo the shop linm The 
conduit 68 is connected by a check valve con- 
trolled conduit 173 with the junction point 150 
of the oxygen product line 25 with the conduit 
15. The conduit 73 has a check valve 74 in 
it which opens towards conduit 88 and permits 
flov of fluid from the conduit 7 fo the conduit 
 88 but prevents reverse flow. 
It has been pointed out that the oxygen gen- 
erator is adapted fo produce oxygen af 50 p. s. i. 
or af pressures up to .000 p. s.i. During produc- 
tion of 50-pound oxygen, the expansion engine 
operates with relatively late cutoff and the by- 
pass valve [23 is closed. When 2000-pound oxy- 
gen is to be the product, the bypass valve should 
be open and the engine operated with early cut- 
off. During starting, for the first couple of hours 
or so the bypass valve should be open and the 
expansion engine operated with late cutoff. Then 
during the final period preceding the normal pro- 
duction, the expansion engine should be operated 
with early cutoff. The bypass valve should be 
allowed fo remain open during this further pe- 
riod. When the system becomes ready to pro- 
duce oxygen on a suitable basis for an extended 
period, the control should provide for operation 
either with bypass valve open and early cutoff or 
bypass valve closed and late cutoff, depending 
upon the demands of the load imposed by the 
shop on the shop line. These functions can be 
accomplished by a pressure responsive pilot valve 
controlling the supply of fluid alternatively fo 
mechanism for shifting the position of the by- 
pass valve, and mechanism for controiling the 
point of cutoff in the exqoansion engine. 
Desirably, the pilot valve wfll control the flow 
of fluid from the compressed air supply because 
this will be avaflable from the first moment of 
putting the plant into operation, whereas if 
reliance were placed during starting on shop 
line pressure, both for the control fluid and for 
the operating fluid, unsatisfactory results would 
follow. It is important, however, that the con- 
trolling pressure be shop line pressure after the 
plant has gotten into regular production, and 
accordingly if is desirable to include in the 
system means, preferably rime controlled in 
order that if may be automatic, following a 
period of subjection of the pilot valve to air 
supply pressure, to switch the control automati- 
cally to shop line pressure, after a period of on 
the order of three hours, and also to provide 
means for enbling the expansion engine» for a 
period on the order of a couple of hours, fo be 
operated with relatively late cutoff and then 
automatically to make a switch fo operation with 
early cutoff, without interfering with the ad- 
mission of actuating fiuid to the bypass valve 
opening apparatus. 
leference may now be had fo lroEg. 2 of the 
drawings, which, in conjunction with Fig. 1 and 
Fis. 3, 4 and 5, will show how the operations 
desired may be accomplished. If wfll be noted 
that a line 16 branches off of the air-under- 
pressure supply line , and that a branch 
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of the line 178 enters a valve casing 170 in which 
there is, by way of illustration, shown a rotat- 
able valve 79 having a right-angle passage. 00 
formed therethrough and opening through its 
5 periphery, at points spaced from each other by 
90 ° , in ports 18 and 8. There also is con- 
nected to the valve casing a ,branch conduit 
06 leading from the shop line 53, the point 
of communication of the branch 0 being 
l0 diametrically opposite the .connection  77. Mid- 
way between the connections 7 and  is a 
further connection 85 which leads to a pilot 
valve device 06. This is shown of a conven- 
tional type known as the IC pilot valve, and 
15 includes a chamber 8 in which a valve 00 is 
reciprocable. The valve 88 is adapted to be 
pressed against one end seat 89 by a plunger 
90, a lever 9 and a spring 9. When the 
air pressure transmitted to the end of the valve 
20 through a port 93 opening through the seat 89 
is suflïciently high, the valve 80 will be moved 
against another seat  af the opposite end of 
the casing, the latter seat surrounding an open- 
ing 86 which communicates with the atmos- 
25 phere. The valve 80 bas a peripheral groove 
9 which communica.tes constantly with a port 
90 leading fo a line to be controlled, and there 
are through notches 9 and 29 in collar-like 
portions 2! and 2. disposed respectively at the 
30 opposite sides of the groove 9. It Wfll be evi- 
dent that with the valve 9 in the position 
shown in Fig. 2, pressure from the air supply 
line  will .be exerted on the end of the pilot 
valve to force the pilot valve S0 to the posi- 
35 tion in which if is shown, thus placing theport 
98 in communication with the pressure coming 
from the air supply line. As the air supply line 
pressure is on the order of !0 p. s. i., and as 
the pilot valve is intended normally to be sub- 
40 ject to and controlled by shop line pressure, 
which may desirably be maintained in the gen- 
eral neighborhood of 50 p. s. i., it will be evident 
that the pilot valve Wfll continuously occupy the 
position shown in Fig. 2 and supply pressure 
45 through the port 98 as long as the valve 79 
occupies the position shown. When the valve 
79 is turned through 90 ° clockwise from the 
position shown in Fig. 2, the line 0 will be the 
source of pressure supplied to the conduit 0, 
50 and the adjustment of the tension of the sp.ring 
9 is such, and the proportions of the parts 
are such, that the pilot valve 8 will move fo 
the position shown in Fig. 2 when the shop line 
pressure reaches, say, 50 pounds (which may 
5 be considered the desired level), and the valv 
 will move back to the seat 09 and vent 
fiuid through the port 8 when the shop line 
pressure falls fo a value of 45 p. s. i., that is, 5 
pounds less than the desired level of pressure in 
00 the shop line. The port 9 is adapted fo supply 
pressure to a conduit 28, which leads to.a 
cylinder and piston mechanism $8 including a 
cylinder .bore 287 in which theïe is reciprocable 
a suitably packed piston 203. The piston 288 
05 has associated with it a spring 09 which forces 
it toward the cylinder head 26--the cylinder 
head With which the conduit 5 is connected-- 
when the pilot valve 100 is in the position op- 
posite that shown in Fig. 2. The piston 88 is 
7O connected fo a piston rod    which is connected 
to a two-spool valve  recipro.cable in the 
valve casing $. With the valve casing $, 
and adjacent the center of the latter, there con- 
nects a conduit 4 which constitutes an exten- 
5 sion of the conduit 78 beyond the point at 
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means of the type mentïoned may desirably be 
provided. 
'The mode of oPeration .of the ,entire ,system 
may now be briefly,suveyed. A s  pëliminry 
5 ssumption, it maybe imagined,tha the linderS 
! :-! § are empty, th reServoir ! S is ëpty, 
the column is empty, and thëre ïs:no prëssrein 
the system. The air compressor-(not-h0wn) 
having its clischarge line or receiver :connëctëd 
10 with the line-! , is hot running: The 0përätor 
throws the Va!res 79 and 22,rom pbsitions 90 
Clockwise from those shown,'to thë positions in- 
dicated in the drawings, and elïéCS a starting bf 
the automatic ,imed shifting ëvices. 'Hestarts 
15 the compressor. As the c0mpesso buflds:uP air 
pressure it is supPlied t0 the line I , and S the 
expansion engine .S desirably operateS in syn: 
chronism VÏth :he compres0rbt dëSirably at 
a much lower numbe o. P.M.the ir com- 
a.0 mences to be passed hrough the het exchangers 
2! and 22 n d t0 the oxygen genërator. With 
the valve ! 79 in the position shon; the pilovalve 
 shïts verY promptly .tp the position :!lus- 
trated, because if is subjçt .to comPreSsor dis- 
5 charge pressure. C0mpressor.dischrg e prçssure 
passes through the conduits 2i4 and .22 tothe 
conduit $7 and opens the bY, pasÇ vaye 
Compressor discharge prÇssure psÇes through 
the conduits 2, 22, port 27 and conduits 2S 
 0 and 225 to the çylinder nd piston mechanism 
9, and the expansion, engine opertes Wïth laie 
cutoff, becausë bth of the Carh' foïlwér rollërs 
will be held in position ïor coactïon with thë cam. 
The system 0peratas for b0 tw0. hourS in he 
35 manner set forth, and then the automtic timing 
mechanism, Or, if .tiS werë omitëd, the orator, 
turns the valve 22-90  clockwi, venting the air 
from the cylindë and pistç mechanism 9 nd 
allowing cutoff' to occur relatively/early in the 
40 working stroke of thelexpansion engine..2nother 
.hour or so .elapses, and, as explainedaboe, the 
system.iS ready  ddiiver oxyen. :Then the op- 
ertor, .or preïerably"tlïe automatic timing mech- 
sm, turns the valve 9 90°clockvie, and the 
45 control oï the pilot Valve'device ïSis .transferred 
to shop line pressure. When the shop line pres- 
sure reaches 50 pounds the pilot valve '! S will be 
shifted o  the position-shown, if if moved back 
ïr-om that positÏ0n a.te timethe valve 79 is 
50 shifted: Noe hat bnfiinS for producing oxy- 
gen at 2000 p. s..i. existed t the .time the valve 
 Stood ïn the position shown in Fig. 2, if the 
Iiquid 0Ygen :ïn he Chamber 4! had reached 
the level of the m0uth of the pipe . Let it 
55 be ssumed, howeer I that, rgardless O what 
may hve intervened, the pressure in the pipe 
S supplied from the shop line through the'con- 
nection 1,83 attains fo 50 p. s.L. This.means that 
the pi]o Va]vë Wil] assume the position shown in 
60 Fig. 2 the Pisn 2 vill assume the position 
shown in Fig.2: Rnd the al,¢ 2. ill assume the 
position shoinlVig. 2. Tpn the bypass valve 
woUld b e 5Pncd and he 'cuff made early, and 
gaseous oxygen wou]d be de]ivered past the chek 
65 valve ! 74 to tle tanks. Some of the gase5us oxy- 
gen wou]d continue to be supp]ied past he pres- 
suPe reducing valve. ,!52 to the shop linë gt any 
rime the pressure in :the shop line was be]ow 60 
-pounds, that is: tan' 'pouds-more than the desired 
70 pressure ]ëveï oï 50 p. s.i. I the pressure, due to 
ëxces demand, falls off to,.45 p. s. i. in the shop 
line, he pÏ]ot valve  Will shift to ifs dPposite 
position, venting fluid from the cy]inder 207, and 
the sPring 209 wi]ï move the two-spool valve 
75 .rb !ts 0Pposïte etreme position, thus supplying 
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fluid through the conduit 223 to effect later  cut- 
off and venting of pressure from the conduit .2 
to permit the bypass .valve fo close. Note that a 
spring may be associated With the piston , if 
this Le desired, in order hot to have fo impose on 
the spring 24 the burden of raising the piston 
 5 and ifs piston rod. The plant, operating with 
the bypass alve closed and relatively !ater cut off 
will produce more oxygen, and itis possible, de- 
pending on demand, that the pressure in the shop 
line 54 wfll then bufld up.. If, however, if does 
hot do so, but continues t0 fall until it reaches a 
value 10 pounds les than the desired value of 50 
pouncls, the valve mechanism  79 will permit fluid 
fo flow ïr0m the cylinder bank te the shop line 
to supplement the oxygen from the generator. 
It bas been explained that the valves 179 and 
22 may be.movedby timed operating devices to 
the positions 90 ° .clockwise from those shown. 
They maY, of course, be so moved as by springs in 
which energy is stored when the valves are moved 
to the positions shown, and the valves may be 
latched in the positions shown and have rime 
controlled latch release mechanisms. It will be, 
evident that the cylinder and piston mechanism 
206 constitutes a servomotor. 
lrom what bas been said, it will be apparent 
that a system wholly automatic from the very 
starting up thereof bas been provided; one adapt- 
ed to produce oxygen under the preferable con- 
ditions associated with 50 p. s. i. production ex- 
cept when shop line demand is low; and one which 
is adapted tobe automatically shifted fo produc- 
tion at the higher pressure when its production oï 
50-pound .oxyge is in excess of demand and 
thereby enablé the storage at high pressure of the 
oxygen which wfll then be generated. Further, 
if will be observed that there is a system provided 
in which, when the lemand is in excess of genera- 
tor output, fluid wfll be supplied from the stcrage 
system in resP0nse to falling pressure in the shop 
line. Other advantages of the system neednot 
be repeated here, aS they wfll b self-evident from 
what has beën said. 
In conclusion, it may be noted that pressures 
referred to are gauge unless otherwise indicated, 
and that pressure losses due fo friction in con- 
duits, etc. have een ignored for simplicity in giv- 
ing summations of pressure drops through the 
generator, rather than assigning values to such 
losses and reducing correspondingly some of the 
figures listel .f0 r pressure reductions. 
This application is a continuation in part of out 
ccpending but now abandoned application Ser. 
No. 31,018, flled June 4, 1948, with corresponding 
- title. 
While thëre is in this application specifically 
described one form which the invention may as- 
sume in practice, it will be understood that ' this 
form of the saine bas been shown for purposes of 
illustration and that the invention may be modi- 
fied and embodied in various other forms without 
departing from its spirit or the scope of the ap- 
pended claires. 
What is claimed as new and is desired fo be 
secured by Letters Patent is: 
1. In an apparatus for supplying gas to a line 
subJected fo a fluctuating demand and in which 
if is desired fo maintain the gas available at pres- 
sures between limits respectively exceeding, and 
less than, a preferred level by predetermined 
amounts, a generator for the gas having provision 
for furnishing the saine ata pressure on the or- 
der of the preferred level and af a pressure great- 
ly exceeding such preferred level, means for stor- 

ing the gas ata pressure greatly exceeding such 
preferred level, a one-way flow connection 
tween said generator and said storing means com- 
municat!ng freely with the former during the 
5 furnishing of gas thereby both ata pressure on 
the order of the preferred level and af a pressure 
greatly exceeding such preferred level, means for 
permitting gas supply from said generator to 
said line including a connection between them 
10 having therein flow c0ntrolling means for auto- 
matically preventing flow through said connec- 
tion fo the line when line pressure is af a level 
exceeding by a predetermined, amount said pre- 
ferred level, and means for permitting gas supply 
15 from said storing means to said line including a 
connection between them having therein flow- 
controlling means for preventing flow to said line 
except when the pressure in said line is ata level 
a predetermined amount below said preferred 
20 level. 
2. In an apparatus for supplying a gas to a 
line subjected to a fluctuating demand and in 
which it is desired to maintain the gas avaflable 
at pressures between limits respectively exceed- 
2. ing, and less than, a preferred level by prede- 
termined amounts, a generator for the gas hav- 
ing provision for fúrnishing the saine ata pres- 
sure on the order of the preferred level and af a 
pressure greatly exceedin such preferred level, a 
30 gas receiving chamber in free Communication 
with said line, means for storing the gas at a 
pressure greatly exceeding suchpreferred level, a 
one-way flow connection between said generator 
and said storing means communicatir freely 
 with the former during the furnishing of gas 
thereby both af a pressure on the order of the 
preferred level and at a pressure greatly ex- 
ceeding such preferred level, means ïor permit- 
ring gas supply ïrom said generator to said line 
40 including a connection between them having 
thereinflow controlling means for automatically 
preventing flow through said connection fo the 
line when line pressure is ata level exceeding by 
- a predetermined amount said preferred level, and 
45 means for permitting gas supply from said stor- 
ing means to said line including a connection be- 
tween them having therein flow-controllin 
means for preventing flow to said line except when 
 the pressure in said line is ata level a predeter- 
50 mined amount below said preferred level. 
3. In an apparatus for supplying a gas to a 
line subected fo a fluctuating demand and in 
which if is desired fo maintain the gas avail 
able at pressures between limits respectively ex- 
 ceeding, and less than, a preferred level by pre- 
 determined amounts, a generator for the gas hav- 
ing provision for furnishing the saine ata pres- 
sure on the order of the preferred level and af 
a pressure greatly exceeding such preferred level, 
60 a gas receiving chamber in free communication 
with said ]ine,.means for storing the gas ata 
pressure greatly exceeding such preferred level, 
a one-way flow connection between said gen- 
eratcr and said stcring means communicating 
65 freely with the former during the furnishing of 
gas thereby both ata pressure on the order of 
the preferred level and at a pressure greatly 
exceeding such preferred level, means for permit- 
ring gas supply ïrom said generator to said line 
70 includin a connectionbetween them having 
therein flow controlling means for automatically 
preventing flow through said cormection to the 
line when line pressure is at a level exceeding by 
a predetermined amount said preferred level but 
7 permitting flow to said line af all lower pressures 



in said line, anal means for permitting ,gas sup- 
ply frein said storing means te sald line ïinclud- 
ing a connection between them hving therein 
flow-controlling means for preventing fio,w te 
said line except .when ,the pressure ,in said line 
is ut a level a predetermined amount 'below said 
preferredieveL 
4. In an apparatus :or supplying a gas te a 
'line subjected te a fluctuating demand and in 
which it is desired te maintain the gas avail- 
able ai pressures between limits respectively ex- 
ceeding, and less than, a ,preferred level by pe- 
determined amounts, a generator for the gas 
having provision for 'furnishing the saine ai a 
pressure on the order of the preferred level and 
ai a pressure greatly exceeding such prefe,red 
level, means for storing the gas ai a pressure 
greatly exceeding such preferred levël, pres- 
-sure relief means associated with said gas stor- 
ing means, a one-way flow 'connection beçween 
said generator and said storing means com- 
municating freely with the former during the 
furnishing of gas thereby both -ai a pressu'e on 
the order of the preferred level and ai a pres- 
'sure greatly exceeding such preferred level, 
means for permitting gas-supply frein said gen- 
erator te said line .including a connection be- 
tween them having therein flow controlling 
means for autom-atically preventing flow through 
said connectlon te the llne when line pres- 
sure is ai a level-exceeding by a predeter- 
mined amount said preferred level, and means 
for permitting gas supply frein said storing 
means te said line including a connection 
between them-having therein. 'flow-controlling 
means for preventing flow te said line except 
whenthe pressure in said line is st a level a 
predetermined amount below said preferred 
level. 
5. In anapparatus for supplying a gas to.a line 
subjected te a fluctuating demand and in which 
if is desired te maintain the gas available ai 
pressures between limits respectively exceeding, 
and less than, a preferred level by predeter- 
mined amounts, a generator for the gas having 
provision for furnishing the saine ai-a pressure 
onthe order of the preferred level and ai a pres- 
sure greatly exceeding such preferred level, 
means for storing the gas ai a pressure greatly 
exceeding such preferred level, a one-vay 'flow 
connection between said generator and said stol'- 
ing meaïas, means for permitting gas supply from 
said generator te said-line including a connec- 
tion between them having therein flow control- 
ling means for automatically preventing flow 
through said connection te the line 'when line 
pressure is ai a levèl exceeding by a predeter- 
mined amount said preferred level means for 
permitting gas supply frein said storing means 
te said liue including a connection between them 
having therein flow-controlling means for pre- 
venting flow te said line except when the pres- 
sure in said line is ai a level a predetermined 
amount below said preferred level, and means 
controlled by line pressure for changing said 
generator frein the furnishing of gas ai a pres- 
sure on the order of t-he preferred level te the 
furnishing of gas ai a higher pressure, and vice 
versa. 
6. In an apparatus for supplying  gas 'te a 
line subjected te a fluctuating demand and in 
which if is desired te maintain the gas avail- 
able 'ai pressures between limits respetivelY ex- 
ceeding, and less than, a prefered level by 
predetermined amounts, a generator for the gas 

having provision for furnishingthe saine ai a 
pressure onthe order ofthe preferred level and 
ai a pressure greatly exceeding such preferred 
level and including-a column and an expansion 
5 engine delivering exhaust'air te the column, and 
pressure operable .means for changing the .Point 
of cutoff of said expansion engine and the point 
in the column te which air from said expansion 
engine is delivered, means for storing the gas 
10 ai a pressure greatly exceeding such preferred 
level, a one-way flow connection between said 
generator and. said storing.means, means :for per- 
mitting gas supply from said generator fo said 
line including a connectïon between them having 
15 therein flow controlling means .for automatically 
preventing .flow through said :onnection to the 
line when line pressure is ara level exceeding 
by a predetermined amount said preferred level. 
means for permitting gas supply from said stor- 
20 ing means fo saidline including a connection be- 
tween them having therein flow-controlling 
means for preventing .flow to :said .line except 
when the pressure in said line is ai a level a 
predetermined amount below said preferred 
25 level, and means controlled by line pressure for 
changing skid generator 'from the funistling oî 
gas ai :a pressure on the 'order.of the preferred 
level to the furnishing of gas ai a higher pres- 
sure and vice versa, said tast mentloned means 
30 including a pilot valve 'esponsive to line Pres- 
.sure and controlting said pressure operable 
,means. 
7. In an apparatus for supplying a gas te a 
line subjected .te a fluctuating .demand and in 
»'5 which if is desired te maintain .the gas available 
ai pressures between ]imits resoectively exceed- 
ing, and less than, a preferred level by predeter: 
mined amounts, a/generator for the gas having 
provision for furnishing the same ai a pressure 
4o on the ortier of the prefered level and ai a pres- 
sure greatly exceeding such preferred level and 
including a cÓlumn and an expansion engine 
delivering exhaust air te the .column, and pres- 
sure operable means for changing the point of 
5 cutoff of said expansion engine and the point in 
the column te which air frein said expansion 
engine is delivered, means for storing the gas ai 
a pressure greatly exceeding such preferred leve!, 
a oneway flow connection between said gen 
5O eraor and said storing means, means for per- 
mitting las supply frein said generator te said 
line including a connection between .them hav- 
ing therein flow controlling means for automa- 
tically preventing flow through said connection 
.55 te the line when line pressure is ai a level 
ceeding by a predetermined amount said: pre- 
ferred level, means for Permitting gas supply 
from said storing mens o Said line including a 
connection between them having therein flow- 
.ç,o controlling mens for preventing flow te said line 
except when the pressure in said line is ai a 
level a predetermined amount below said pre- 
ferred level, and .means controlled by line pres- 
sure for changing said generator rom the fur- 
5 nishing of gas ai a pressure on the order of the 
preferred level te the urnishing of gas ai a 
higher pressure 'and vice versa, said last men- 
tioned means including a pilot valve resionsive 
te line pressure and controlling fluid flow frein 
7O a source of substantially constant pressure te 
said pressure operable means. 
8. In an aPparatus for supplying a gas te a 
line subjected te a fluctuating demand and in 
which itis desired te minain the gas avaflable 
75 ai pressures -wi.thin preeletermined amounts 
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above and below a preferred level, a generator 
ïor the gas having provision ïor ïurnishing the 
saine at a pressure on the order of such pre- 
ferred level and at a pressure greatly exceeding 
such preïerred level, means ïor storing the gas at 
a pressure greatly exceeding such preferred level, 
means for delivering gas ïrom said generator to 
said line and to said storing means, and means 
controlled by the line pressure for changing said 
generator from the generation of gas at a pres- 
Sure on the order oï the preferred level to the 
generation of gas at a higher pressure, and vice 
versa. 
9. In an apparatus for supplying a gas te a 
line subjeeted te a fluetuating demand and in 
which it is desired te rnaintain the gas avail- 
able at pressures between lirnits respeetively 
exeeeding, and less than, a preferred level by 
predetermined.arnounts, a generator for the gas 
having provision for furnishing the saine at a 
pressure on the order of the preferred level and 
at a pressure greatly exeeeding such preferred 
level and ineluding a eolumn and an expansion 
engine delivering exhaust air te the eolumn and 
nïeans for ehang4ng the range of expansion of 
sald expansion engine and the point in the 
eolumn te whieh air frorn said expansion engine 
is delivered, and rneans eontrolled by line pres- 
sure for ehanging said generator frorn the fur- 
nishing of gas ai a pressure on the order of the 
preferred level te the furnishing of gas at a 
higher pressure and vice versa, said last rnen- 
tioned means including rneans responsive te line 
pressure and COltrolling said changing rneans. 
10. In an apparatus for supplying a gas te a 
line subjected to a fluctuating demand and in 
which it is desired to maintain the gas available 
at pressures between limits respectively exceed- 
ing, and less than, a preferred level by predeter- 
mined amounts, a generator ïor the gas having 
provision ïor ïurnishing the saine at a pressure 
on the order oï the preferred level and ata 
pressure greatly exceeding such preferred level 
and including a column and an expansion en- 
gine delivering exhaust air to the column and 
means ïor changing the point oï cutoff oï said 
expansion engine and the point in the column 
to which air from said expansion engine is de- 
livered, and means controlled by line pressure 
ïor changing said generator from the ïurnish- 
ing oï gas at a pressure on the order oï the pre- 
ïerred level to the ïurnishing of gas at a higher 
pressure and vice versa, said last mentioned 
means including a pressure operable means re- 
sponsive to line pressure and controlling said 
changing means. 
11. In an apparatus for supplying a gas to a line 
subjected to a fluctuating demand and in which 
itis desired to maintain the gas avaflable at 
pressures between limits respectively exceeding, 
and less than, a preïerred level by predetermined 
amounts, a generator ïor the gas having provi- 
sion ïor furnishing the saine at a pressure on the 
order of the preferred level and at a pressure 
greatly exceeding such preferred le9el and in- 
cluding a column and an expansion engine de- 
livering exhaust air to the column, and pressure 
operable means for changing the point oï cutoff 
of said expansion engine and the point in the 
column to which air ïrom said expansion en- 
gine is delivered, and means controlled by line 
pressure for changing said generator ïrom the 
ïurnishing of gas at a pressure on the order of 
the preferred level to the furnishing oï gas ata 
higher pressure and vice versa, said last men- 
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tioned means including a pilot valve responsive 
to line pressure and controlling said pressure op-, 
erable means. 
12. In an apparatus for supplying a gas to a 
5 line subjected to a fluctuating demand and in 
which itis desired to maintain the ga available 
at pressures between limits respectively exceed- 
ing, and less than, a preferred level by prede- 
termined amounts, a generator ïor the gas hav- 
10 ing provision ïor ïurnishing the saine at a pres- 
sure on the order oï the preferred level and ai 
a pressure greatly exceeding such preferred level 
and including a column and an expansion engine 
delivering exhaust air to the column, and pres- 
15 sure operable means ïor changing the point oï 
cutoff oï said expansion engine and the point 
in the column fo which air ïrom said expansion 
engine is delivered, and means controlled by line 
pressure ïor changing said generator from the 
2O furnishing oï gas at a pressure on the order oï 
the preïerred level fo the ïurnishing of gas at a 
higher pressure and vice versa, said last men- 
tioned means including a pilot valve responsive fo 
line pressure and controlling fluid flow from a 
25 source oï substantially constant pressure to said 
pressure operable means. 
13. In an apparatus ïor supplying a gas to a 
conduit subjected to a fluctuating demand, a 
generator ïor the gas having as parts thereoï an 
3O expansion engine and a column receiving fluid 
exhaused by the expansion engine, mechanism 
for changing the point of cutoff of said expan- 
sion engine, mechanism ïor changing the point 
of introduction of fluid exhausted by the ex- 
35 pansion engine lnto the column, and means in- 
cluding a device responsive to the pressure in 
said conduit ïor governing the operation of said 
mechanisms. 
14. In an apparatus for supplying a gas to a 
40 conduit which is subjected to a fluctuating de- 
mand, a generator ïor the gas having as parts 
thereoï an expansion engine and a column 
ceiving fluid exhausted by said expansion engine, 
mechanism ïor changing the point of cutoff 
]5 said expansion engine, mechanism ïor changing 
the point oï introduction into the column of 
fluid exhausted by the expansion engine, a con- 
trol device responsive to the pressure in said 
conduit, and mechanism governed by said con- 
50 trol device ïor effecting the subjection oï said 
mechanisms ïor changing the point oï cutoff of 
the expansion engine and ïor changing the point 
of introduction into the column of fluid exhausted 
by the expansion engine to an operating medium 
55 and relieving them ïrom such subjection. 
15. In an apparatus ïor supplylng a gas to a 
line subjected to a fluctuating demand, a genera- 
tor ïor the gas having as parts thereoï an ex- 
pansion engine and a column receiving fluid ex- 
60 hausted by ss2d expansion engine, pressure fluid 
controlled means for changing the point of cut- 
off of said expansion engine, pressure fluid con- 
trolled means ïor changing the-point oï intro- 
duction oï fluid exhaused by the expansion en- 
65 gine into the column, a source oï fluid under 
pressure ai other than line pressure, a pilot valve 
responsive to line pressure, and means controlled 
by said pilot valve ïor supplying and venting fluid 
from said source relative to said pressure fluid 
70 controlled means. 
16. In an apparatus ïor supplying a gas to a 
line subjected to a fluctuating demand, a genera- 
tor for the gas having as parts thereoï an 
pansion engine and a column receiving fluid ex- 
75 hausted by said expansion engine, pressure fluid 



conroiled means,for changing the point ,of cut- 
off- of said expansionengine, Pressurëfluid .con- 
trolled means.for changing the point Of introduc- 
tion of fluid exhaustedby the ex.pansion, engine 
into the column, a source of, fld  ai greater than 
line pressure, a pilot .valve normallY responsive to 
line pressure,:means controlled by saidPflot valve 
for supplying and venting fluid, Jrom. said source 
relative to said fluid controlledmeans, and means 
for temporaril F subj.ecting.said pllo valve-to Con- 
trol by thefluid from.said soume upen, Staring 
up of said apparatus. 
17. In.an apparatus for supp!Fing a,gs fo a 
line subjectedto a fluctuating demand, a genera- 
tor for the .gas having..as parts theref an ex- 
pansion engine and .a .column receiving fluid e- 
hausted by said expansion origine, pressure :fluid 
controlled means for changing the point of cut- 
off of said expansion origine, pressure fluid con- 
trolled means for changing the point of intro- 
duction of fluid exhausted by the expansion en- 
gine in/x) the column, asource of fluid.at greaer 
than line pressure, a pilot valve normally re- 
sponsive to line pressure,, means controlled by 
said pilot-valve-for supplying and venting fluid 
frein said source relative fo said fluid controlled 
means, means for. temporarily, subjecting said 
pilot valve fo control by£he fluid from satd.source 
upon starting up of said apparatus, and means 
for returning said pilot valve to the control of 
le pressure. 
18. In an apparatus or supplying a gas to a 
line subjected fo a fluctuating demand, a genera- 
tor for the gas having as parts thereof an ex- 
pansion origine and a column receiving fluid ex- 
hausted by said expansion engine, pressure fluid 
controlled means for changing the point of cut- 
off of said expansion engine, pressure fluid con- 
trolled means for changing the point of intro- 
duction of fluid exhausted by the expansion 
gine into the column, a source of fluid ai greateï 
than line pressure, a pilot valve responsive fo 
line pressure, means controlled by said pilot valve 
for supplying and venting fluid from said source 
relative to said pressure fluid controlled means, 
and means for temporarily reversing the rela- 
tion of one of said pressure controlled means fo 
fluid supply and venting. 
19. In an apparatus for supplying a gas fo a 
line subi ected fo a fluctuating demand, a genera- 
for for the gas having as parts thereof an ex- 
pansion engine and a column receiving fluid ex- 
hausted by said expansion engine, pressure fluid 
controlled means for changing the point of cut- 
off of said expansion engine, pressure fluid con- 
trolled means for changing the point of intro- 
duction of fluid exhausted by the expansion en- 
gine into the column, a source of fluid at greater 
than line pressure, a pilot valve normally 
sponsive fo line pressure, means controlled by 
said pilot valve for supplying and venting fluid 
from said source relative fo said fluid controlled 
means, means for temporarily reversing the re- 
lation of one of said pressure controlled means 
to supply and venting as normally established by 
said pilot valve controlled means, and means for 
temporarily subjecting said pilot valve te con- 
trol by the fluid from said source upon starting 
up of said apparatus. 
20. In a controlling apparatus for a gas gen- 
erator which constitutes a source of gas supply 
for a delivery conduit and includes an expan- 
sion engine having ai least two different peints 
of cutoff, a column receiving the exhaust of said 
expansion engine, and a valve movable to change 
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the point of delivery, of the exhaust of id ex- 
Pansion engine fo the colmn, a.deviee for ef- 
fecting change in the point of cutoff, a device 
for effecting a change in the position of said 
5 valve, meansmovable to control action upon each 
of said devices of an operating medium, and 
means governed by the pressure in sad conduit 
for which said generator constitutes a source of 
supply for governing the position of said means 
lo movable to control the action of said operating 
medium upon said devices. 
.1. In a controlling apparatus for a gas gen- 
erator which constitutes a source of gas supply 
for a delivery line and includes anexpansïon en- 
i5 gine having at.least two. different points of cut- 
off, a column receiving the exhaust of said ex- 
pansion engine, and a valve movable fo change 
the point, of delivery oî the exhaust of said ex- 
pansion engine fo the column, a. pressure fluid 
20 actuated device for effecting Change in the point 
of cutoff, a pressure fluid actuated device for 
fecting a change in the position of Said valve, 
valve means movable to control the supply and 
venting of fluid relative toeach of said pressure 
25 fluid actuated devices, and means governed-by the 
pressure in the delivery line for which said gen- 
erator constitutes asource of supply for .govern- 
ing the position ofsaidvalve means. 
22. In a controlling apparatus for a gas gen- 
O0 erator which constitutes a source of gas supply 
for a delivery line and includes an expansion 
engine having ai least two different points ,of cut- 
off, a column receiving the exhaust of said ex- 
pansion engine, and a valve movable fo change 
 the point of delivery of the exhaust of said ex- 
pansion engine fo the column, a pressure fluid 
actuated device for effecting change in the point 
of cutoff, a pressure fluid actuated device for 
fecting a change in the position of said valve, 
40 valve means movable fo control the supply and 
venting of fluid relative fo each of said pressure 
fluid actuated devices, means normally governed 
by the pressure in the delivery line for which 
said generator constitutes a source of supply for 
45 governing th e position of said valve means, and 
means for shifting the governing of said means 
fo a higher pressure. 
23. In a controlling apparatus for a gas gen- 
erator which constitutes a source of gas supply 
50 for a delivery line and includes an expansion ori- 
gine having at least two different points of cut- 
off, a column receiving the exhaust of said ex- 
pansion engine, and a valve movable to change 
the point of delivery of the exhaust of said ex- 
55 pansion origine fo the column, a pressure fluid 
actuaed device for effecting change in the point 
of cutoff, a pressure fluid actuated device for 
effecting a change _n the position of said valve, 
and means governed by the pressure in tl]e de- 
60 livery line for which said generator constitues a 
source of supp!y for controlling he supply and 
venting of fluid relative to each of said pressure 
fluid actuated devices, said means governed by the 
pressure in the delivery line for which said gen- 
6OE erator constitutes a source of supply incïuding 
pilot valve l'esponsive to line pressure, a servo- 
motor controlted by said pilot valve and valve 
means movable by said servomotor and control!ing 
the supply and venting of fluid relative fo said 
0 pressure fluid actuated..devices. 
24. In a controlling apparatus for a gas gen- 
erator which consitutes a source of gas supp]y 
for a delivery line and inc]udes an expansion 
origine having at least two different points of 
 cutoff, a column receiving the exhaust of said 
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expansion engine, and a valve movable tochange 
the point of delivelT of the exhaust of said ex- 
pansion engine to the column, a pressure fluid 
actuated device for effecting change in the point 
of cutoff, a pressure fluid actuated device for 
effecting a change in the position of said valve, 
and means governed by the pressure in the de- 
livery line for which said generator constitutes a 
source of supply for controlling the supply and 
venting of fluid relative to each of said pressure 
fluid actuated devices, said means governed by 
the pressure in the delivery line for which said 
generator constitutes a source of supply includ- 
ing a pilot valve responsive to line pressure, a 
servomotor controlled by said pilot valve and 
valve means movable by said servomotor and 
controlling the supply and venting of a fluid at 
a pressure in excess of line pressure relative fo 
said pressure fluid actuated devices. 
25. In a controlling apparatus for a gas gen- 
erator which constitutes a source of gas supply 
for a delivery line and includes an expansion en- 
gine having at least two different points of cut- 
off, a column receiving the exhaust of said ex- 
pansion engine, and a valve movable to change 
the point of delivery of the exhaust of said ex- 
pansion engine to the column, a pressure fIuid 
actuated device for effecting change in the point 
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of cutoff, a pressure'fluid actuated devcefor .ef- 
fecting a cange in the position of sai d valve, 
and means governed by the pressure in the de- 
livery line for which said generator constitutes a 
5 source of supply for controlling the supply and 
venting of fluid relative fo each of said pressure 
fluid actuated devices, said meàns governêd by 
the pressure in the delivery line for which aid 
generator constitutes a source of supply includ- 
10 ing a pilot valve responsive to line pressure, a 
servomotor controlled by said pilot valve and 
valve means movable by said servomotor and 
controlling the supply and venting of a fluid at 
a pressure in excess of line pressure relative fo 
15 said pressure fluid actuated devices and effecting 
fluid supply fo one of the saine whfle venting the 
other. 
SAMUEL C. COLLINS. 
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